Mannose rich fraction of Saccharomyces cerevisiae promotes growth and enhances carcass yield in commercially housed grower–finisher pigs  by Edwards, M.V. et al.
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An 80  day  study  was  conducted  to  evaluate  the  growth  promoting  effects  of  a unique  man-
nose  rich  fraction  (MRF)  derived  from  yeast  cell  walls of  Saccharomyces  cerevisiae,  relative
to copper  and  tylosin  in  commercially  housed  grower  and  ﬁnisher  pigs.  1008  male  grower
pigs (29.7  ± 1.99  kg live  weight)  were  randomly  allocated  to  four  treatment  groups  of 252
pigs. There  were  12  replicates  for  growth  rates  (21 pigs  per pen)  and  6  replicates  for  feed
intake and FCR  (42 pigs  per feeder).  The  dietary  treatments  consisted  of  a control  (CON,
containing  no  growth  promoting  feed  additives),  copper  (COP,  containing  200  ppm  of  cop-
per as  copper  sulphate  in  both  grower  and  ﬁnisher  pigs),  MRF  (containing  400  ppm  and
200  ppm  of  ActigenTM (Alltech  Biotechnology,  Nicholasville,  KY)  in  grower  and ﬁnisher  diets
respectively),  and  tylosin  (TYL, containing  40 g  and  20 g of tylosin  in grower  and ﬁnisher
diets  respectively).  Growth  performance  and  mortality  were  monitored  over the  grower  (d
0–38)  and ﬁnisher  (d 39–80)  periods.  Slaughter  characteristics  (carcass  weight  and backfat
thickness  at  the P2  position)  were  recorded  at d 80. Mannose  rich  fraction  pigs  grew  faster
(P<0.01)  than  CON  or COP  pigs  during  the grower  phase.  Mannose  rich  fraction  and TYL
pigs  also  tended  to (P=0.08)  have  better  FCR  during  the  grower  phase  than  those  on  the
CON and  COP  treatments.  No  signiﬁcant  treatment  effects  were  observed  for  growth  per-
formance  during  the  ﬁnisher  phase  or over  the entire  study  (d 0–80).  However,  MRF  pigs
had  a signiﬁcantly  higher  (P<0.01)  dressing  percentage  and  heavier  carcass  weight  than
pig  on  all  other  treatments.  There  was  no  inﬂuence  of growth  promoting  feed  additives  on
backfat  thickness.  Overall,  MRF  was  as  effective  as  tylosin  and  more  effective  than  copper
as a growth  promoter  in  grower  pigs.  Mannose  rich  fraction  inclusion  was  able  to enhance
the  yield  of  saleable  pork,  and  was  the  most  effective  growth  promoting  option  tested.
© 2014  The  Authors.  Published  by  Elsevier  B.V.  This  is an  open  access  article  under  the  CC
BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/3.0/).Abbreviations: ADFI, average daily feed intake; ADG, average daily gain; FCR, feed:gain ratio; MRF, mannose rich fraction; MOS, mannan oligosaccharide.
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1. Introduction
Copper sulphate and tylosin are used in grower and ﬁnisher pig diets as a means of controlling pathogenic bacteria and
improving the growth and feed efﬁciency of the pig. However, there are growing concerns about the negative aspects of
these feed additives including the detrimental impacts associated with environmental copper accumulation (Davis et al.,
2002), the risks of co- and cross-resistance between copper and antibiotics (Amachawadi et al., 2011; Baker-Austin et al.,
2006) and risks associated with potential residues and antibiotic resistance issues in humans and livestock (Dibners and
Richards, 2005).
Speciﬁc MRF  derived from outer cell walls of a speciﬁc strain of Saccharomyces cerevisiae (Alltech Inc., Nicholasville, KY,
USA) are puriﬁed forms of the active components in the mannan oligosaccharide (MOS) matrix. These matrixes are respon-
sible for the binding or agglutination of enteric bacteria to prevent their attachment and colonisation of the gastrointestinal
tract (Davis et al., 2002; Zhao et al., 2012). Of particular interest are the bacteria with type-1 ﬁmbria, Escherichia coli and
salmonella species because of their afﬁnity for the carbohydrate fraction within MOS  (Miguel et al., 2004). This binding
capacity results not only in the prevention of attachment and subsequent elimination of harmful bacteria but also presents
an opportunity for the animal to interrogate the antigens involved to prime their immune capacity to deal with these bacteria
during further exposure (Che et al., 2012). The inﬂuence of MRF  on the immune system is hypothesised to both improve
disease resistance and enable the animal to maintain a low immune status or alter immune responsiveness (Davis et al.,
2002; Miguel et al., 2004), thus improving the partitioning of nutrients towards growth (Che et al., 2012; Hooge and Connolly,
2011). For this reason MRF  is proposed as a viable alternative growth promoter for pigs.
In the present study, we hypothesised that MRF  could be used as a natural growth promoter for commercially housed
grower and ﬁnisher pigs. The principle objective of this study was to evaluate the growth promoting effects of MRF  against two
common alternatives, copper sulphate and tylosin, on the growth performance and carcass characteristics of commercially
reared grower–ﬁnisher pigs.
2. Materials and methods
The protocol used in this experiment was approved by the Primary Industries and Regions South Australia Animal Ethics
Committee.
2.1. Experimental site
The study was conducted within a commercial piggery at the Brinkley Research Facility (Australian Pork Farms Group)
in Southern Australia in late winter and spring of 2011.
2.2. Feed additives
The ActigenTM was obtained from Alltech Inc., Nicholasville, KY, USA. Feed grade copper sulphate containing 250 g/kg
copper and tylosin (Tylan 250, Elanco Animal Health) was  purchased from a reputable commercial premix company in
Roseworthy, Australia.
2.3. Management of grower–ﬁnisher pigs
A total of 1008 male weaners (PIC commercial progeny ((Large White×Landrace)×Terminal sire)) were obtained from a
commercial breeder unit. The pigs were allocated to one of the four treatment groups (n = 252). Each group contained 12
pens of 21 pigs with double faced feeders between pens (i.e. one feeder per two pens), providing 12 replicates for growth
rate and 6 replicates for feed intake and feed efﬁciency (FCR). The pigs were housed in commercial conditions (0.7 m2/pig)
in partially slatted concrete pens. Each pen contained four water points. Diets were formulated to meet or exceed the
nutrient requirements of swine according to the NRC recommendations (NRC, 1998). All diets were pelleted commercial
type wheat/pea based diets (Table 1). Experimental diets were offered for 80 days (grower feed for 38 days and ﬁnisher feed
for 42 days). Feed was offered ad libitum via a computer controlled Dry Exact feeding system (Big Dutchman Pig Equipment
GmbH, Vechta, Germany). The experiment was a completely randomised design including four treatments: a control (CON)
without any growth promoters, copper (COP), MRF, and tylosin (TYL) treatments. Copper pigs were offered grower and
ﬁnisher diets containing 200 ppm of copper (as copper sulphate). Mannose rich fraction pigs were offered grower and
ﬁnisher diets containing 400 ppm and 200 ppm of ActigenTM respectively. Tylosin pigs were offered grower and ﬁnisher
diets containing 40 mg/kg and 20 mg/kg of tylosin (as Tylan 250) respectively. All pigs were fed a common base diet. The
treatments were derived by blending the respective concentrates into the base diet at 20 g/kg or 40 g/kg (Table 1) to deliver
the active components without distorting the nutrient proﬁle of the diets. The precision of inclusion for copper and tylosin
was conﬁrmed by chemical analysis of the ﬁnal blended feeds (data not shown).
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Table  1
Composition and nutrient levels of the basal experimental diets and copper (COP), tylosin (TYL) and mannose rich fraction (MRF) concentratesa.
Item Diets Concentrates
Grower Finisher COP TYL MRF
Ingredients (g/kg)
Wheat 545 656 570.5 570 570
Peas  186 105 200 200 200
Millmix 70 80 – – –
Canola  expeller 36% 120 80 – – –
Soya  bean meal 48% 22.5 22.5 105 105 105
Meatmeal 55% 20 20 20 20 20
Tallow 11 11 25 25 25
Salt  2 2 2 2 2
Limestone 15 15 14 14 14
Biofos-MDCP 2 2 4 4 4
Bentonite – – 30 46 40
Lysine-HCl 3.0 3.0 2.6 2.6 2.6
Methionine-DL 0.7 0.4 1.3 1.3 1.3
Threonine 1.10 1.15 1.30 1.30 1.30
Tryptophan – – 0.1 0.1 0.1
Copper sulphate – – 20 – –
Choline chloride 60% – – 0.4 0.4 0.4
Stabilisersb – – 2.2 2.2 2.2
Tylan  250 – – – 4 –
ActigenTM – – – – 10
Microgrits red – – – – 1
Microgrits yellow – – – 1 –
Grower premixc 2 2 2 2 2
Calculated nutrient analysis
Digestible energy (MJ/kg) 14.0 14.0 14.0 14.0 14.0
Crude  protein (g/kg) 185 166 177 177 174
Calcium (g/kg) 9.5 9.3 9.1 9.1 9.1
Available phosphorous (g/kg) 4.0 3.9 4.0 4.0 4.0
Total  lysine (g/kg) 11.5 9.9 11.3 11.3 11.2
SID  lysine: digestible energy 0.70 0.60 0.70 0.70 0.70
a Grower diets containing COP, TYL and MRF  were prepared by mixing 96% of the basal diet with 4% of the respective concentrates. The inclusion level
of  COP, MRF and TYL in the grower diets was 200 ppm, 400 ppm and 40 ppm respectively. Finisher diet containing COP was prepared by mixing 960 g/kg of
the  basal diet with 4 g/kg of the COP concentrate. Finisher diets containing MRF  and TYL were prepared by mixing 980 g/kg of the basal diet with 20 g/kg
of  the respective concentrates. The inclusion level of COP, MRF  and TYL in the ﬁnisher diets were 200 ppm, 200 ppm and 20 ppm respectively.
b Stabilisers = antioxidants, mould inhibitors and mycotoxin binders
c Premix provided per kg of complete feed: 500 FTU of phytase; 280,000 XTU of endo-1,4-betaxylanase and 125,000 TGU of endo-1,4-beta-glucanase;
v
a
t
w
2
s
o
w
(
p
f
2
w
eitamin A 8 IU; vitamin D3 1.5 IU; vitamin E 25 mg; vitamin K 1.0 mg;  thiamine 1.0 mg;  riboﬂavin 4.0 mg;  pantothenic acid 35 mg; niacin 20 mg; pyridoxine
lcohol 1.0 mg;  vitamin B12 0.01 mg;  Cu 20 mg;  I 0.5 mg;  Fe 60 mg; Mn  60 mg;  Se 0.35 mg;  Zn 125 mg.
Prior to the trial pigs were allowed a preliminary period to acclimatise to their new environment. The experimental
reatments were applied when the average weight within a pen reached 28–30 kg live weight. After the ﬁnal weighing, pigs
ere tattooed and sent for processing at a commercial abattoir.
.4. Data collection
Pen live weights were recorded on d 0, d 38 and d 80. Feed disappearance was recorded daily using Dry Exact feeding
ystem and MC  99 NT Feeding computer (Big Dutchman Pig Equipment GmbH, Vechta, Germany). Removals (as a result
f mortality or morbidity) were recorded (date and weight) throughout the trial. Carcass characteristic including carcass
eight and backfat thickness (at the P2 position) were recorded on individual carcasses.
Average live weights were based on the pigs within a pen on the given weigh day. Average daily gain, ADFI and feed:gain
FCR) were calculated based on ‘pig days’ to factor in those pigs which were removed throughout the grower and ﬁnisher
hase. ‘Pig days’ are deﬁned as the sum of pigs within a pen on each day multiplied by the number of days. Pigs removed
rom the trial were weighed at removal.
.5. Statistical analysisAll the data was analysed using one-way ANOVA (Statgraphics Plus V5.1) and Bonferroni multiple comparison procedure
as used to compare statistical differences (<0.05) between treatments. The results were presented as means ± standard
rror. For all statistical analyses, probability values less than 0.05 were considered signiﬁcant.
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Table  2
The effects of growth promoting feed additives on the performance of grower (d 0–38) and ﬁnisher pigs (d 39–80) and on hot carcass weight and P2 fat
thickness.
Item Treatment P value
CON COP TYL MRF  SE
Live weight (kg)
d 0 29.4 30.0 29.7 29.6 0.29 0.905
d  38 57.7 58.7 59.0 60.0 0.42 0.281
d 80 95.6 97.7 96.8 98.0 0.68 0.616
Weight gain (kg/pig)
d 0–38 28.3b 28.7b 29.3ab 30.3a 0.21 0.002
d  39–80 38.0 39.0 37.8 38.1 0.43 0.774
d  0–80 66.2 67.7 67.1 68.4 0.51 0.503
Average daily gain (g)
d 0–38 743b 754b 771ab 798a 5.6 0.001
d  39–80 887 911 882 891 11.1 0.812
d  0–80 813 833 828 842 7.0 0.533
Average daily feed intake (g)
d  0–38 1572 1580 1588 1617 9.4 0.361
d  39–80 2305 2352 2289 2258 27.1 0.699
d  0–80 1953 1981 1953 1951 16.0 0.908
Feed  conversion ratio
d  0–38 2.12y 2.10xy 2.06xy 2.03x 0.011 0.088
d  39–80 2.61 2.58 2.60 2.55 0.027 0.873
d  0–80 2.41 2.38 2.36 2.32 0.016 0.329
Carcass data
Hot carcass wt,  kg1 71.2b 72.4b 71.6b 73.7a 0.25 0.002
Dressing, % 73.7b 74.0b 74.0b 75.3a 0.17 0.002
Backfat (P2), mm 9.03 9.20 9.02 9.27 0.06 0.4151 Weight recorded prior to chilling.
a,b Within a row, means without a common superscript differ (P<0.05).
x,y Within a row, means without a common superscript differ (P<0.10).
3. Results
3.1. Growth performance
Growth performance results are shown in Table 2. There was no effect of growth promoters on live weight on d 0, d 38
or d 80. However, during the grower phase (d 0–38) MRF  pigs had greater (P>0.05) overall weight gain than CON pigs or
COP pigs (Table 2). This was achieved through greater (P<0.05) ADG from d 0 to d 38. There was no inﬂuence (P>0.05) of
dietary treatment on ADFI. Mannose rich fraction and TYL pigs tended to (P=0.088) convert feed more efﬁciently than CON
pigs during the grower phase (Table 2).
In the ﬁnisher phase there was no difference (P>0.05) between treatments (Table 2). There was  also no signiﬁcant treat-
ment effect on overall (d 0–80) performance. The overall removals (pigs removed due to mortality or morbidity) were
not inﬂuenced by dietary treatment (P>0.05). The overall removals were 11, 10, 9 and 9 pigs for CON, COP, MRF  and TYL
treatments respectively.
3.2. Carcass characteristics
Carcass data for all but one pig was retrieved. There was no effect of treatment on backfat thickness (Table 2), but pigs
offered the MRF  diet had signiﬁcantly higher dressing percentage and carcass weights at day 80 than pigs on all other
treatments (Table 2).
4. Discussion
The results demonstrated that under commercial conditions MRF  can be used to promote the growth of grower pigs
through enhanced feed efﬁciency, more effectively than copper (as copper sulphate) and equally as tylosin. Similar conclu-
sions were made by Hooge and Connolly (2011) who conducted a meta-analysis on 11 trials in broilers. In contrast, Davis
et al. (2002) reported that copper at 175 and 125 ppm (as copper sulphate) was  a superior growth promotant compared
to MOS  at 1 kg/T and 2 kg/T in the grower and ﬁnisher phases respectively. The different responses are likely a result of a
combination of factors including product improvements between MOS  and MRF  (Hooge and Connolly, 2011), dietary factors
(wheat versus corn based diets), environmental differences (commercial versus research facilities), and pathogen variation.
Copper was not an effective growth promoter in the present study. The prevalence of copper and antibiotic resistance
genes was not tested in the present study. Some bacteria species found in the gastrointestinal tract of the pig are known
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o become resistant to metals including copper, and antibiotics (Baker-Austin et al., 2006). There is also increasing concern
elating to co- and cross-resistance of bacteria to metals and antibiotics (Amachawadi et al., 2011). Both copper and tylosin
ad been historically used on the trial farm and this may  have impacted on the growth promoting effect of these materials
n this study. However, the improvements in ADG and FCR from d 0 to 80 for pigs offered TYL compared to the CON were
omparable to the 1.9% and 1.7% respectively, reported by The Joint Expert Advisory Committee on Antibiotic resistance
JETACAR, 1999) for grower pigs, with the majority of the beneﬁts in the initial 38 days. Whilst the mode of action likely
iffers between TYL and MRF  the magnitude of growth promotion between days 0 and 32 and the decline of growth promotion
rom the grower to the ﬁnisher phase were similar. The lack of any performance improvements in the ﬁnisher period may
ave been related to the step-down in dosage of TYL and MRF, or acclimatisation by the animal over time. Further research
o deﬁne the mode of action of MRF  is warranted.
An in-depth holo-analysis of MOS  use in pigs revealed that the feed conversion response was  inferior in grower–ﬁnisher
igs compared to weaners and that the step-down in dosage was disadvantageous (Rosen, 2006). The response of MRF
t 400 ppm in both the grower and ﬁnisher phases should be explored in future to determine whether the step-down in
osage is in fact disadvantageous. The growth promoting properties of products containing MOS  or their derivatives are
eported to be greatest when animals are experiencing periods of slow growth (Pettigrew, 2006). The good performance
f ﬁnisher pigs in the current trial may  have also limited the growth promoting properties of all additives tested in this
rial.
Whilst there was no obvious improvement in ﬁnisher pig performance, the improved carcass weight and dressing percent-
ge suggests MRF  can improve carcass yield. It is speculated that this improvement in carcass weight and dressing percentage
ay  be due to the MRF  treated pigs having lower organ (gut) weights. A similar improvement in dressing percentage was
eported by Van Lunen (2003) where pigs offered diets containing tylosin phosphate had improved carcass yield without
ny signiﬁcant improvement in growth performance. Growth promotion may  arise when the nutrient requirements of the
astrointestinal system are reduced. Whether the improvement in the current trial was  achieved in the grower phase and
ubsequently maintained or whether the beneﬁts are evident from the prolonged inclusion period is unclear and warrants
urther investigation.
. Conclusion
Mannose rich fraction at 400 ppm was shown to be an effective replacement for tylosin in terms of growth promotion
n the diets of grower pigs housed under commercial conditions. Mannose rich fraction was  a superior growth promotant
ompared to copper (at 200 ppm) in the diets of grower pigs. Mannose rich fraction can improve the carcass yield of pigs
ven when growth performance improvements are not observed during the ﬁnisher phase.
. Implication
Efﬁcient growth promotion is necessary to meet the increasing demand for high quality animal protein products. There
s an increasing need to ﬁnd growth promoting feed additives which do not pose environment, health or social concerns.
his study demonstrated the MRF  is an effective growth promoting feed additive which can provide pig producers with a
eans of maintaining the economic advantages of efﬁcient lean growth without any associated environmental or health
isks.
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